The results of the hydrological research carried out in November, 2015 nearby the Crimea coast and in the northwestern part of the Black Sea Western cyclonic gyre are presented. It is shown that the Rim Current is represented by its coastal branch over the continental slope and its southern branch located over the central part of the basic polygon. The south-eastern undersurface countercurrent is observed over the coastal shelf. In the southeastern part of the basic polygon the cyclonic meander was discovered. Within the whole research area the sea surface temperature exceeds the climate norm. High positive anomalies of actual temperature are observed nearby the Crimea coast in the area of maximum interannual variations and in the southern part of the research area where synoptic variability increases and the interannual one -decreases. Positive temperature anomalies in the cold intermediate layer core in November, 2015 (relative to the climate norm) are in good agreement with general tendency of sea surface temperature growth on the multi-year scale. Anomalously warm winters in the research area in the recent years have contributed to the cold intermediate layer thermal content increase. The salinity during the survey on the most of the research area was above normal. Only on the shelf, unlike the temperature, the weak negative salinity anomalies were observed. The highest positive salinity anomalies were monitored in the eastern part of the polygon.
Summary of results of contact hydrological measurements on ChersonesosBosporus section for 2007 -2013 revealed the temperature increase in the cold intermediate layer (CIL) . It is in agreement with the general warming of the Black Sea upper layers and is supported by distributions of the SST interannual anomalies based on the satellite data [6 -8] .
Thus, the summary of the results of previous research shows that the works in the 81 st cruise of R/V Professor Vodyanitsky were carried out in an area with quite complex on a seasonal scale hydrological conditions that were under the impact of the synoptic and interannual variations.
The present article presents the results of the hydrological research carried out in November, 2015 nearby the Crimea coast and in the northwestern part of the Black Sea Western cyclonic gyre. The actual distribution of thermohaline characteristics in the survey period were compared with the climatic fields according to the dataset of hydrological and satellite measurements. The data of instrumental measurements of currents carried in the cruise quasisynchronously with the hydrological observations were applied for the interpretation of the observed features of the waters thermohaline structure. To interpret the water structure features obtained during the expedition, the climate hydrological conditions in the research area were analyzed and their levels of the synoptic, seasonal and interannual variability were estimated. For that purpose the data of the array of MHI Oceanographic Data Bank [9] climatic hydrological measurements and the array of MyOcean Pathfinder V5.2 (PFV52) AVHRR satellite measurements with high spatial and temporal resolution, containing the daily SST averages in the nods of 0,04×0,04° regular grid from January 1982 to January 2016 were applied [10]. According to [11] , the temporal period over 30 years is sufficient to obtain statistically significant climate norms and to estimate interannual variability trends. The daily averaging permits to assess the level of synoptic variability.
In accordance with the satellite data [10] the synoptic, seasonal and interannual root mean square deviations (RMSD) of SST were calculated in each grid node for the entire Black Sea. Synoptic SST RMSD was calculated on the mean daily SST series for each month of each year and then was averaged for all 397 months (RMSD syn ). To calculate the seasonal RMSD on the average daily SST values the time series of its mean monthly values were obtained. They were applied to calculate SST RMSD for each year and then in their turn were averaged for 33 years (RMSD seas ). The interannual RMSD were calculated for the time series of 33 monthly SST values for January, February, etc. and then averaged for all 12 months (RMSD interann ).
To determine the phase of the SST low-frequency variability the period of the expeditionary measurements falls within based on the data of [10] the anomalies of mean monthly SST as the difference between the SST values for a specific month each year and its mean climatic values for that month were calculated.
Interpretation of the thermohaline water structure actual features was carried out involving the daily satellite maps of SST for the entire Black Sea, the instrumental measurements of currents and results of geostrophic calculations according to the survey, as well as the distributions of the vectors of model geostrophic currents [12] during the survey.
Principal results. Water circulation in the research area in November 2015. The results of geostrophic calculations (Fig. 1, b, c) and instrumental measurements of currents (Fig. 2) show that an intense current of the north-western direction was monitored over the continental slope on the Chersonesos-Bosporus section. This current can be considered as the coastal branch of the Black Sea Rim Current. According to the geostrophic calculations, this branch was observed in 0 -150 m layer with a maximum speed (30 cm/c) at the surface (Fig. 1) . According to the data of instrumental measurements, the highest velocity of the Rim Current coastal branch was monitored in the upper 50 m layer. Maximum value of the full velocity vector at 7 m horizon reached 58 cm/s (Fig. 2, a) . The maximum of zonal velocity component was 20 cm/s (Fig. 2, g ), the one of the meridional velocity component -50 cm/s (Fig. 2, h ). The intensity of the Rim Current coastal branch weakened as the depth increased. At 150 m horizon the velocity vector value decreased to 12.5 cm/s (Fig. 2, f) The south-eastern undersurface countercurrent was observed over the coastal shelf of the Chersonesos-Bosporus section northern edge. This current was wellmonitored at 75 m horizon, where the full velocity vector value was 28 cm/s (Fig. 2, d ). The countercurrent core was found between 70 and 80 m horizons with the zonal velocity component maximum of ~15 cm/s and the meridional one of 25 cm/s (Fig. 2, g, h) .
In the central part of the basic polygon the strengthening of the south-western currents was observed. It can be interpreted as the Rim Current southern branch manifestation (Fig. 1, b, c; 2) . On the Chersonesos-Bosporus section, going through the basic polygon, the maximum of instrumentally measured velocity zonal component of the Rim Current southern branch (35 cm/s) was observed at depths of 10 -30 m, the meridional one (15 cm/s) -at a depth of 70 m (Fig. 2, g, h) . In accordance with the geostrophic calculations, the Rim Current southern branch was weak and the velocities of the normal to the section did not exceed 6 cm/s (Fig. 1, c) .
Instrumental measurements of currents showed significant spatial variability of the Rim Current southern branch, depending on the depth (Figure 2, a -g ). In the upper 7 -75 m layer this branch intersected the central part of the polygon, following in a south-western direction. The maximum velocity was observed actually near the southwestern boundary of the polygon. At the upper horizon of the measurements (7 m), the maximum of the velocity vector was about 35 cm/s. At 25 m horizon the velocity increased to 41 cm/s and at depths of 50 and 75 m it weakened again to 33 and 25 cm/s, respectively. At 100 m horizon with a further weakening of the velocity bifurcation of the Rim Current southern branch was observed. One part of the current moved westward in the zonal direction, another one was still directed to the southwest. The maxima of the velocity vectors in the both branches reached 15 cm/s (Fig. 2, e) . At 125 m horizon the Rim Current bimodal pattern maintained, but the velocity of the both branches weakened and did not exceed 8 -8.5 cm/s. At the 150 m horizon the Rim Current south branch was quasizonal current of the western direction. At the same time there was a slight increase in its intensity observed. Maximum velocity (up to 10 cm/s) was found by the western boundary of the polygon (Fig. 2, f) .
Except the Black Sea Rim Current branches, in accordance with the data of instrumental measurements the other elements of circulation can be found within the polygon area. In the north-west of the polygon the anticyclonic meander was observed. It was well defined in the upper 7 -25 m layer and at 100 m horizon in the form of a closed gyre (Fig. 2, a, b, d ). In the south-eastern part of the polygon the cyclonic meander was found in 7 -75 m layer (Fig. 2, а -c ). The weak current (up to 5 cm/c) of the eastern direction was observed near the northern polygon boundary in the area of the station 5 ( Fig. 2, c, g ). Instrumental measurements of currents carried out during the cruise in the surface layer are generally in good agreement with the model currents [12] shown in Fig. 3 . The only difference is that in the distribution of the vectors of the model currents the Rim Current coastal branch above the continental slope is less clear.
Structure of the thermohaline fields in November, 2015. The main structural features of the thermohaline fields in the upper active layer were clearly manifested in the vertical distribution of temperature, salinity and density at all stations of the polygon and on the Chersonesos-Bosporus section (Fig. 4) . The upper quasi-homogeneous layer (UQL) at the majority of stations had thickness of ~20 -30 m. At the coastal shelf it was deeper up to 75 m (Fig. 4, а -c) . At some stations two-step UQL structure was monitored, while the water temperature in upper step was 1 -1.5 °С higher than in the lower one. The appearance of such step is due to the change of the synoptic conditions in the research area.
Giving the characteristic of the horizontal structure of the temperature field within the UQL (Fig. 4, d) , it should be noted that the warmest waters were found in shallow coastal shelf off the coast of the Crimea (15.8 °C) and in the southeastern part of the research area (15.65 °C). The temperature minimum was observed in the north-western part of the basic polygon (13.19 °С).
The analysis of satellite data and vectors of model currents permitted to explain the features of the actual UQL temperature distribution. Fig. 5 shows that period of the survey in the seasonal cycle of SST in 2015 fell on the period of surface waters cooling, which was the most intense in the first half of October. According to the configuration of 16 °C isotherm, in the latitudinal band 43.6 -43.9 °E, crossing the central part of the research area, the cooling was more rapid than in its northern and southern part (Fig. 5) . Analysis of the maps of the vectors of currents for the entire Black Sea showed that this feature of the SST seasonal variability is largely associated with water circulation. During the survey the coldest waters were located in the eastern part of the sea, close to the center of East cyclonic gyre (ECG). At the same time there were two separate areas of minimum water temperature (the western one -between 35 and 36.5 °E, and the easternbetween 37 and 38.5 °E) observed within the ECG. These areas coincide with the position of the two local cyclonic gyres, which are well defined on the maps of model surface currents (Fig. 3) . "Tongue" of the relatively cold waters from the western area spread along the Rim Current and crossed the central part of the research area, which is in good agreement with the distribution of the actual temperature in the survey period. The higher UQL temperature in the northern and southern parts of the research area can also be explained by water advection by surface currents. In shallow water, warm water comes along the northern periphery of the Rim Current, which is confirmed by satellite maps SST and distribution of the vectors of model currents (Fig. 3) . In the southern part of the polygon the warm waters penetrated along the eastern periphery of the cyclonic gyre located in the western part of the sea close to the Anatolian coast (Fig. 3) .
Horizontal distribution of salinity within the UQL (Fig. 4, e) was qualitatively consistent with its climatic distribution, according to which there was an increase in salinity in the southern direction closer to the ECG center. Most freshened waters (18.08 ‰) were located in the coastal shelf zone off the Crimea coast, the most salt ones (18.37 -18.44 ‰) -in the deep eastern and southern parts of the polygon. A the same time the area of high salinity waters stretched in a form of "tongue" along the Rim Current southern branch, which is clearly seen from the distribution of vectors of instrumentally measured currents (Fig. 2, a, b ). The water circulation features also reflected in the distribution of the characteristics of the transition layer. Higher values (in absolute value) of the vertical temperature gradient (up to 4.21°C/1 m) were observed in the southeast of the basic polygon, i. e. in the southern periphery of the Rim Current southern branch closer to the ECG center (Fig. 6, a) . Here, the depths of the transition layer were relatively small, about 25 -28 m (Fig. 6, b) . In the northern direction the values of temperature gradients in the transition layer decreased, and its layer depth increased, reaching 0.8°C/1 m and 42 m respectively at the station 6 at the northern boundary of the polygon. Local rise of the transition layer to a depth of 27 meters was observed in the area of station 4a in the divergence zone of the Rim Current southern and coastal branches (Fig. 2, b) . At the same time the temperature gradient value increased to 1.73°C/1 m. Closer to the continental slope and shelf, where the Rim Current coastal branch came across, the depth of both the transition layer and UQL increased from north to south by 36 m at the station 4 to 76 m at the station 1-2. At the same time, in contrast to the coverage of the Rim Current southern branch, the gradient values here increased in the northern direction (Fig. 6, a, b) . The highest gradient values (3.01°C/1 m) were marked at the station 1-2, where according to the instrumental measurements the countercurrent of the southeastern direction was observed (Fig. 2, d, g, h) . Intensification of the temperature gradients on the coastal shelf of could be caused by the interaction of the Black Sea Rim Current southern branch and the coastal countercurrent.
There was a cold intermediate layer (CIL) lower the transition one. Its core temperature values slightly changed (8.39 -8.45 °С) (Fig. 6, c) . At the same time the location depth of the CIL core changed in the wide range: from 46 m on the periphery of the Black Sea Rim Current southern branch in the south-eastern part of the polygon to 121 m above the continental slope (Fig. 6, d) . In general, the spatial distribution of the CIL core depth was of a rather complicated character. This is due to the fact that the CIL had an inhomogeneous vertical structure, and there were only two, sometimes three, temperature minima observed at the majority of the stations. For example, there was a break of the CIL observed on the Chersonesos-Bosporus section crossing the basic polygon, between the station 4a and 5. At the same time the upper layer of minimum temperature water was found in a layer of 50 -60 m, the lower one -in a layer of 75 -100 m (Fig. 4, a) . This effect could be caused by the current with the eastern velocity component, which was observed according to the instrumental measurements at the depth of 60 m (Fig. 2, c, g ). Similar CIL breaks were monitored at the stations 2 and 3 (Fig. 4, a) , where there was the impact of the coastal countercurrent (Fig. 2, d, g, h) .
In the distribution of the CIL features it is possible to note a tendency of the temperature growth in the CIL core while increasing its location depth. Between these parameters the significant direct linear correlation with the value R ~ 0.58 was found (Fig. 6, d, panel) . The increase of temperature values in the CIL during its deepening can be explained by the more intense vertical mixing compared with the overlying stratified layers.
There was a tendency to a decrease in temperature and salinity under the CIL in the layer 100 -200 m from north to south as a result of the general deepening of the main thermocline and halocline in the northern direction. At 100 m horizon in the southern part of the polygon the water temperature reached 8.57°C, the salinity -20.9 ‰. Above the continental slope the temperature dropped to 8.43 -8.44 °C, the salinity -to 19.67 ‰. The most freshened water (19.04 ‰) was located in the coastal shelf zone off the Crimea coast (Fig. 7) . The distributions of temperature and salinity below 200 m were generally consistent with the structure of water in deep layers of the Black Sea [1] , and the actual values of thermohaline parameters were close to climate norm. Anomalies of thermohaline fields in November, 2015. Distributions of the anomalies of actual temperature values in the survey period relatively to their mean monthly climate values according to [9] showed that the entire research area the temperature in the surface layer was above norm. Maximum anomalies were observed in the coastal shelf (up to 2.75 °C) and in the south-eastern part of the basic polygon (2.6 -2.7 °C) (Fig 8, a) .
The salinity during the survey on the most of the research area was above norm. Only on the shelf, unlike the temperature, the weak negative salinity anomalies were observed (up to 0.03 ‰). The highest positive SSS anomalies (0.11 -0.13 ‰) were monitored in the eastern part of the polygon (Fig. 8, b) .
A comparison of the CIL characteristics with the mean climate norm showed that the temperature in the CIL core within the entire research area was higher than the climate one, the maximum anomalies (up to 0.85 °C) were observed in the east of the polygon (Fig. 8, c) . The CIL core was located 22 -26 m deeper than the climate norm in the area of the continental slope, central and southern parts of the polygon. It should be noted that in the area of the station 4a on the ChersonesosBosporus section the CIL core was located 28 m closer to the surface (Fig. 8, d) . The rise of both the CIL and the transition layer in this area can be explained by the divergence of the two branches of the Rim Current, observed in the survey period. The observed differences of the thermohaline water structure during the survey period in November 2015 from the climate norms, obtained according to the hydrological data, may be a manifestation of a synoptic and interannual variability. Distributions of synoptic, seasonal and interannual SST RMSD based on the satellite data along the Chersonesos-Bosporus section (Fig. 9, a) showed that within the survey period an appreciable redistribution of different variability types is observed. Closer to the Crimea coast the observed increase in the interannual SST variability under a sharp decrease of the seasonal and synoptic variability level is monitored. Under general increase of the SST synoptic variability level in the southern direction around 44 °N its local maximum, which coincides with the climate position of the Rim Current midstream, is checked [3, 7] . Thus, to the north from the climatic position of the Rim Current midstream levels of seasonal and synoptic variability decrease. In the Rim Current midstream itself the local increase of the synoptic and interannual variability is marked. To the south from the midstream in the central part of the WCG the interannual variability reduces and the seasonal one increases. Distribution of the SST anomalies in the survey period with respect to the hydrological climate showed that in the northern part of the Chersonesos-Bosporus section large values of positive anomalies are observed in the region of maximum interannual variations. In the southern part of the research area on the section high positive SST anomalies are observed in the area of the increase of synoptic variability and decrease of the interannual one.
Time series of the mean monthly interannual SST anomalies over the entire period of measurements at two points on the Chersonesos-Bosporus section (Fig. 9, b) and their linear trends showed general tendency of SST increase on long-term scale. Recently distribution of the SST anomalies along the entire section (Fig. 9, c) revealed that in the northern part of the section in November 2015, there were high positive SST anomalies (~1 -1.5 °С) observed. Thus, the positive anomalies of actual SST relative to the climatic norm) in the northern part of the Chersonesos-Bosporus section are in good agreement with long-term trends of the SST variability, detected according to the satellite data. In the central part of the research area the weak negative interannual SST anomalies (up to 0.5 °C) were observed and in the south -the positive ones (up to 1 °C) again. Taking into consideration the increase of the SST synoptic variability level, obtained from satellite data southward of 44 °N (Fig. 9, a) , it can be assumed that during the survey period higher SST values as compared with climate norm are in a greater degree due to the synoptic variability.
It should be noted that the synoptic processes are most clearly manifested in the sea surface layer and considerably attenuate with depth. The CIL characteristics show that the temperature field variability in the subsurface layer is more in line with the low-frequency SST variability. The positive temperature anomalies in the CIL core in November 2015 with respect to the climate norm reflect the general tendency of SST increase on long-term scale. In addition to a positive linear SST trend, the abnormally warm winters were recently observed in the research area. For example, in accordance with the satellite data, in December 2012, 2013 and 2014 positive interannual SST anomalies reached 3, 1.5 and 1.5 °C, respectively (Fig. 9, c) . Such high positive SST anomalies in the winter contributed to the increase of the CIL thermal content in November 2015.
Conclusions. The analysis of the survey results during the 81 st cruise of R/V «Professor Vodyanitsky» showed that that the dynamic processes and thermohaline fields in November 2015 were in good agreement with the climatic water structure nearby the Crimea coast and in the northwestern part of the Black Sea Western cyclonic gyre. Also, the impact of interannual and synoptic variability formed the variations of hydrological fields from the climate norm.
The Black Sea Rim Current was represented by the two branches. The more intense one, the Rim Current coastal branch of northwestern direction, was observed over the continental slope. Another branch of the Rim Current, the southern one, came southwestward across the central part of the basic polygon. The subsurface southeastern countercurrent was monitored over the coastal shelf. In the southeastern part of the basic polygon the cyclonic meander was discovered.
The upper quasi-homogeneous layer had thickness of ~20 -30 m. At the coastal shelf it was deeper up to 75 m. The temperature was above climate norm in the surface layer within the entire research area. Maximum anomalies were observed in the coastal shelf (up to 2.75 °C) and in the south-eastern part of the basic polygon (2.6 -2.7 °C). The salinity during the survey on the most of the research area was above normal. Only on the shelf, unlike the temperature, the weak negative salinity anomalies were observed (up to 0.03 ‰).
The temperature in the CIL core within the entire research area was higher than the climate one, the maximum anomalies (up to 0.85 °C) were observed in the east of the polygon. The CIL core was located 22 -26 m deeper than the climate norm in the area of the continental slope, central and southern parts of the polygon. In the central part of the Chersonesos-Bosporus section the CIL core was located 28 m closer to the surface that can be explained by the divergence of the two branches of the Rim Current.
The observed differences of the thermohaline water structure during the survey period in November 2015 from the climate norm, obtained according to the hydrological data, may be a manifestation of a synoptic and interannual variability. High positive anomalies of actual SST temperature relatively to the hydrological climate are observed nearby the Crimea coast in the area of maximum interannual variations. In the southern part of the research area the positive anomalies of actual SST temperature were monitored in the synoptic variability increase area and the interannual variability decrease area, respectively.
